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SECTION 1: MASTERS THESIS
Introduction
During contemplation of potential thesis topics, the Clearance of Airway (CLEAR) team
was introduced. After accepting an invitation to join the CLEAR team, which focuses on use of
the blue bulb syringe and its uses, indication, effectiveness, and safety, the initial idea of
formulating a research question around suctioning was formed. Other multidisciplinary team
members, including disciplines of microbiology, engineering, and nursing, were reviewing
aspects of suctioning related to education, pediatrics, microorganisms, and pressure of
suctioning, but NICU was not yet included. After reviewing current literature and determining
the need for NICU specific airway clearance procedures, the basic idea for a thesis was formed.
During the review of literature, it was noted that very little research was available
regarding suctioning practice in the NICU setting, but before changes can be made, it is crucial
to know what is currently being practiced and how it affects the patients. A retrospective chart
review would be necessary to determine current practice in the NICU.
The NICU population differs widely from other areas of infant suctioning due to the
different suctioning devices and patient acuity during suctioning with unknown tolerance or
outcomes. Therefore the research question developed to guide this study became: in moderate to
late preterm neonates born, what is the mode of suctioning, frequency of suctioning, tolerance of
suctioning, and color/consistency of suctioning exudate in the NICU of a large, regional medical
center? After careful consideration and preparation, the idea was proposed to the Internal Review
Board/Committee of both The University of Alabama in Huntsville and Huntsville Hospital
Health Systems for approval to complete the retrospective chart review within the level III
Regional NICU. See Appendices A and B.
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Dissemination of Thesis Work
This study was presented as a poster presentation entitled “Airway Clearance of the
Moderate to Late Preterm Neonate: A Retrospective Study” at Sigma Theta Tau International’s
44th Biennial Convention. The convention took place October 28 through November 1, 2017 at
the JW Marriot Hotel in Indianapolis, Indiana. There were over 2,200 attendees of which
approximately 300 were students. The event included vetted abstracts in peer review. This study
was nominated by a nursing faulty and was invited by Sigma Theta Tau International to submit a
poster. See Appendix C.
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SECTION II: MANUSCRIPT
Professional Journal Selection
The American Journal of Maternal Child Nursing (MCN) invited the CLEAR team to
submit a series of manuscripts on the topic of airway clearance. Several manuscripts were
submitted to the editor for selection. This study was one of the three chosen topics with only one
other from a student being accepted. MCN is a valuable knowledge base to assist health
professionals to stay current in the field of maternal child nursing. The journal is available in
multiple libraries with new publications bimonthly and is distributed nationally. The journal is
indexed in multiple databases including PubMed/MEDLINE, EBSCO, BIOSIS, and Ovid. After
submission for review by the editor, it is approved if journal standards are met, and then peer
reviewed. See Appendix D.
Scope of Journal
MCN provides current, peer reviewed information to nurses in the intrapartum,
antepartum, postpartum, and pediatric specialties. The journal includes coverage on disease,
health promotion, patient behavior, pathophysiology, and clinical investigation that provides
nurses with evidence based practices. MCN also has multiple standing columns including a
debate column titled Second Opinion to discuss both sides of current issues, a column titled
Toward Evidence Based Practice that promotes articles already published in other journals, a
column focusing on feeding concerns titled Nutrition for the Family, and the column Health
Information Technology to help nurses with the ever changing world of informatics.
Aim of Journal
MCN is a peer-reviewed journal that attains its mission by publishing clinically relevant
practice and research manuscripts aimed at assisting nurses toward evidence-based
practice. MCN focuses on today's major issues and high priority problems in maternal/child

11

nursing, women's health, and family nursing with extensive coverage of advanced practice
healthcare issues relating to infants and young children.
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Airway Clearance of the Moderate to Late Preterm Neonate: A Retrospective Study
During the birth of a newborn, it is common to have an accumulation of amniotic fluid in
the neonate’s airways preventing an immediate response to respiratory stimuli of the birthing
process. Over the years, it has been acceptable practice to clear the airways with some form of
suctioning device in order to allow passage of oxygen into the lungs providing oxygenation of
the tissue as evidenced by crying, chest rise, and a pink appearance. If a neonate is unable to
transition adequately to extrauterine life, an admission to the Neonatal Intensive Care Unit
(NICU) may be warranted.
Airway clearance in NICU varies quite drastically in contrast with a well-baby nursery.
In addition to the varying devices, there is varying policy and procedure. The NICU is equipped
with wall suction as a method to clear airways and this is not standard in a well-baby nursery. In
NICU a variety of devices are used in conjunction with wall suction. Widely-used devises for
airway clearance in the NICU include the bulb syringe, a soft tip “Little Sucker”, suction
catheters, and a closed loop inline suctioning device for use while neonates are ventilated with
and endotracheal tube (ETT). Due to the use of these additional methods of suctioning,
additional policies and procedures are required to ensure standard use and safety regulations.
Unfortunately, these vary widely in most facilities as a direct result of the lack of evidence based
practice in literature.
There is minimal scientific evidence available to defend the use of routine suctioning in
the NICU setting. There is minimal literature describing the different methods of airway
clearance and tolerance of each suctioning method. An extensive review of the literature revealed
a lack of standardized criteria or guidelines for suctioning in the NICU (Gardner & Shirland,
2009; Mann, Sweet, Knupp, Buck, & Chipps, 2013). Available literature indicates the harmful
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effects of suctioning including bradycardia, desaturation of oxygen, apnea, inflammation of
airways, and/or bronchospasms (Foster, Dawson, Davis, & Dahlen, 2017; Kelleher, Bhat, Salas
et al., 2013; Knox, 2009; Cordero, 1971; Modarres, 2014; Neumann, Mounsey, & Das, 2014;
Polcivalnik, 2015). This study examines previous documentation of neonates to determine the
mode of suctioning used, the frequency of suctioning in the NICU setting, the tolerance of
suctioning, and the color/consistency of suctioning exudate in the NICU of a large, regional
medical center between 2016-2017.
Review of Literature
Health Source: Nursing Academic Edition, The Cumulative Index of Nursing and Allied
Health Literature (CINAHL), MEDLINE, and ScienceDirect databases were searched from
January 2016 to October 2017. Studies ranging from 1971 to 2015 were reviewed and included
in this study. Key words used during the search included ETT suction neonate, endotracheal
suction neonate, inline suction neonate, endotracheal suction infant, neonate suction, infant
suction, preterm suction, NICU suction, airway clearance neonate, oropharyngeal suction,
nasopharyngeal suction, DeLee suction, suction technique, bulb syringe suction.
According to the American Association for Respiratory Care (AARC), indications for
airway clearance in all patient settings include increased visual or auditory secretions, increased
tactile fremitus, suspected aspiration, increased work of breathing, abnormal chest radiographic
examination or blood gas results, and restlessness (Bennion, 2004). While routine suctioning of
the newborn is not recommended by the American Heart Association and The American
Academy of Pediatrics in the 6th edition of the Textbook of Neonatal Resuscitation the following
list of indications is cited throughout the text: meconium-stained fluid, secretion with obstructed
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respiration, situations where the newborn is having difficulty clearing secretions, apnea, gasping,
poor muscle tone, or if positive-pressure ventilation is anticipated (Kattwinkel, 2011).
In a study by Czarnecki and Kaucic (1999) the often-ranked indications for suctioning
infants less than 6 months of age with bronchiolitis, RSV, bronchospasm, or pneumonia per
surveyed nurses was audible secretions, visible secretions, and a decrease in SaO2, which were
noted to improve significantly post suctioning. Previously meconium stained amniotic fluid was
considered a major indication for airway clearance; however, studies have shown there is no
significant difference in blood gasses or apgar scores in oronasopharyngeal airway clearance
compared to no clearance of the airway, and no significant outcome differences including need
for ventilation, development of meconium aspiration syndrome, or increased mortality rates
(Vain et al., 2004; Dunn, McFee, Beaty, Geaorge, & Galan, 2001). One study recommends using
a bulb syringe instead of a suction catheter for infants with meconium stained amniotic fluid
(Dunn et al., 2001).
In order to adequately suction secretions, negative pressure is required. This can be
achieved by squeezing the bulb syringe prior to insertion in the mouth or nares or by turning on
wall suction prior to suctioning. The recommended pressure needed for suctioning devices to be
effective and safe is a range of 60-80 mmHg for neonates and 80-100 mmHG for infants (Knox,
2011; Bennion, 2004). In a study measuring bulb syringe negative pressures, the only bulb
syringe to consistently measure less than 100mmHg, out of six bulb syringes in different sizes
and manufacturers, was the Medline 3 ounce bulb syringe. This device may be too big in
diameter for the premature neonate's nares (Alur, Liss, Ferrentino, & Super, 2012). In the NICU
setting, increased pressures and larger diameters of bulb syringes can increase the risk of
mucosal harm.
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During deep suctioning with a catheter, a skilled professional should measure from tip of
nose to suprasternal notch and not advance catheter any farther due to risk of vasovagal response.
Catheter size should not exceed half of the airway diameter to prevent obstruction and trauma.
Instillation of normal saline is not recommended during airway clearance (Knox, 2011). It was
once thought that instilling normal saline into the airway would thin secretions, increasing the
movement of secretions out of the airway, but research has shown it does not thin the secretions
and it cause oxygen desaturation (Carroll, 2009).
Additional considerations during airway clearance should include duration of procedure
lasting less than 10-15 seconds to reduce the risk of trauma and hypoxia, the number of passes
should be a maximum of three with thirty seconds in between to allow of reoxygenation and
aseptic technique to minimize the risk of infection (Day, Farnell, & Wilson-Barnett, 2002). The
AARC recommends nasotracheal airway clearance only when other less invasive methods of
airway clearance have failed and equipment should be properly disinfected and disposed upon
completion of procedure (Bennion, 2004).
Although airway clearance is a common occurrence in most NICUs, the risks and
benefits need to be weighed to determine if suctioning is needed. Common risks associated with
airway clearance include atelectasis, bronchospasm, cardiac arrhythmias, desaturation,
hypertension, hypotension, increased mucous production, infection, laryngospasm, and trauma
(Knox, 2011). While there is minimal literature on the suctioning outcomes of preterm infants,
there is some research on term newborns and the tolerance of suctioning. Without additional
research on preterm infants, the research that has been completed on term newborns could be
assumed to have at least the same amount of impact, if not more intolerance of airway clearance.
One study concluded the use of the nasogastric tube caused severe cardiac arrhythmias and apnea
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as a common adverse effect (Cordero & Hon, 1971). Modarres (2014) confirmed intolerance of
neonatal suctioning in a study comparing the effects of nasopharyngeal suctioning with no
suctioning in normal, term newborns delivered vaginally. Findings indicated the time to reach
92% SaO2 was shorter in the no suction group, and therefore nasopharyngeal suction was not
recommended as a routine procedure in normal, term infants delivered vaginally. Due to the
amount of potential harmful effects of suctioning, Polcivslnik et al. (2015) states any suction
maneuver must be performed with caution and strict indication during neonatal transition.
Methods
This study was a descriptive, retrospective chart review to analyze the current airway
clearance practices used in a level III regional NICU. The practices in review include suctioning
via inline suction, suction catheter, soft tip “Little Sucker”, and bulb syringe to determine the
frequency, color, consistency, and tolerance of airway clearance, along with key demographics
for comparison such as gestation, race, and gender. Prior to collection of data, approval by the
Internal Review Committee from the hospital and the Internal Review Board from the university
was obtained. Records included in the study were neonates with a gestation at birth of 32 weeks
to 36 weeks and 6 days, as defined by the World Health Organization as moderate to late preterm
infants. Participants must have been admitted and discharged from the NICU. This age range was
chosen based on the inadequate amount of literature and research surrounding this gestational
window. Most studies that take place in the NICU involve very low birth weight, extremely low
birth weight, and term neonates.
If a neonate had surgery with general anesthesia, he or she was excluded from the study.
The convenience sample was selected between 2016-2017 by obtaining the list of discharged
patients from the NICU. The list included route of birth, gestation at birth, and if transferred to
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additional facilities. Once participants were selected based on inclusion criteria, documentation
was accessed via the hospital’s electronic medical record system. The chart was accessed to
determine if any suctioning events were experienced during the hospital stay. Out of
approximately 300 charts accessed, 87 neonates were suctioned with a total suction event count
of 384. To ensure the security of collected data during the collection process, all identifying
information obtained was kept under combination lock on the hospital premises until collection
was complete. Then an encrypted flash drive with the completed data collection form was
transferred to the university campus. None of the information that was transferred out of the
hospital campus had identifying factors. Data was analyzed to determine current practices and
outcomes associated with charted practices.
Results
Upon analysis of collected data, neonates (39%) were suctioned one time during the
entire NICU stay and 90% of neonates were suctioned less than ten times. The maximum number
of suctioning events on one individual was thirty-three documented suction events. The average
number of suctioning events were 2.3 per neonate. During data analysis, it was evident that
males required ventilator assistance more frequently than females. Overall 53% of males
required ventilator assistance, while in females 47% required an additional method of
oxygenation. Figure 1 shows that males required more support in all forms of ventilatory support
including the ventilator, CPAP, and HFNC, while females outnumbered males in number of
participants not requiring any additional oxygen support. Although it is representative of the area
demographics, 73.6% of participants were Caucasian, 12.6% were African American, 6.9% were
Hispanic, 3.4% were Asian, 1.1% were American Indian/Alaskan Native, and the last 2.3% were
categorized as other (Table 1). Not unexpectedly, neonates born via cesarean section required
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more airway clearance (65.5%) than neonates born via vaginal birth (34.5%). During a vaginal
birth, the pressure and squeezing from being pushed though the birth canal expels a large amount
of amniotic fluid from the airways. This study not only affirms this phenomenon, and suggests
that the route of delivery affects the neonate throughout the NICU stay which can commonly be
anywhere from 3 days to 4 months. The most frequent occurrences of airway clearance were at
34 weeks gestation.
Of all participants in the study, 85% experienced ventilatory assistance. The majority
required the ventilator (45%), but CPAP was a close second (37%), then HFNC (2%), and a
small amount requiring NIPPV (1%). Since this study took place in a NICU setting and the most
common reason for admission is acute respiratory distress, it is not unexpected for such a large
majority of neonates to need ventilator assistance. The suctioning modes used by this NICU
were: Oropharyngeal (46%), Inline (28%), Nasopharyngeal (6%), Endotracheal (8%) Bulb
syringe (11%), as shown on Figure 2. There was no clarification whether oropharyngeal or
nasopharyngeal was performed with a soft tip “Little Sucker” or a suction catheter. After suction
events, nurses reported no distress 74% of the time, and equal bilateral breath sounds in 30% of
participants. The most reported adverse effect of suctioning was desaturation (6%), but color
change, apnea, and bradycardia accumulatively were only documented in <1% of patients.
Secretion color after suctioning was documented by nurses as being clear (63%), cloudy (22%),
yellow (6%), green (3%), white (4%), bloody (1%), and pink tinged (1%), while consistency was
reported as being mostly thick (61%) as compared to thin (38%).
Limitations
The data for this study was obtained as a convenience sample at one hospital; therefore,
geographical variances may result in different results. Sample size may also impact the reliability
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of the study, but further studies in additional facilities across the country could help alleviate
both of these limitations. The lack of documentation itself and the electronic medical record
(EMR) system are further limitations. The current national standard of care includes the use of
some version of an EMR system. Although it promotes efficiency, it also tends to be less detailed
and produces more button focused charting in comparison to narrative documentation. This
provides the opportunity for error the nurse’s assessment or interventions do not correlate to the
prefabricated button options. As with any documentation, there is always the possibility that the
documentation is not complete. The absence of charting is a problem because the information
cannot be obtained if it was never documented. Due to these limitations, further research is
needed.
Implications
Results indicate the routine use of airway clearance, without indication, in the NICU
setting as evidenced by no indication of distress in 74% of participants and breath sounds clear
and equal immediately after suctioning in 30% of events. It is probable that the reason there was
no distress and lungs were clear after suctioning is because the neonate was likely not in distress
and had no indication for airway clearance prior to suctioning. The adverse effects of suctioning
(bradycardia, desaturation, apnea, inflammation of airways, and bronchospasms) have been
researched and proven in multiple reliable studies (Knox, 2009; Cordero, 1971; Modarres, 2014;
Polcivalnik, 2015). In order to have such few instances of adverse effects, in addition to the
immediate clearance of audible secretions, it is reasonable to conclude routine suctioning was
still being utilized in this practice setting.
The current best practice, as described by Young (1995) and Kaylyn (2003), indicates the
use of endotracheal suctioning is no longer recommended. The policy of the facility where the
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study took place does not support endotracheal suctioning without the use of a closed loop
suctioning device (inline), but it was documented 8% of the time. This indicates the nurses were
not following policy, or it was charted in error with the intent of documenting inline.
Conclusions
Careful review of EMR documentation is suggested in relation to airway clearance. It is
recommended to review and revise unit-based protocols for airway clearance of the NICU
patient based on mode of suctioning in alignment with NANN guidelines, and then provide ongoing unit-based staff education and competency evaluation to determine proficiency.
There are multiple examples of undocumented practices including use of a suction catheter for
deep suctioning, normal saline in use of suctioning ETTs, gastric suctioning during admission,
and amount of sputum suctioned. More studies are needed to evaluate suction practices applied
in the NICU setting.
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Figure 1- Requirements of Oxygenation by Gender
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Figure 2- Types and Frequency of Suctioning Modes used in NICU
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Table 1- Demographics of Participants
Gender
Male
Female

Percent (%)
52.9
47.1

Race
White/Caucasian
Black/African American
Hispanic/Latino
American Indian/Alaskan
Native
Pacific Islander/Asian
Other

73.6
12.6
6.9

Vaginal
Cesarean Section

34.5
65.5

1.1
3.4
2.3

Route
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Appendix A

Feburary 24th 2017
Brandi Harbin
The University of Southern Mississippi
Dear Ms. Harbin,
The UAH Institutional Review Board of Human Subjects Committee has reviewed your
proposal, Airway Clearance in a Neonatal Intensive Care Unit: A Retrospective Review, and
found it meets the necessary criteria for approval. Your proposal seems to be in compliance with
this institutions Federal Wide Assurance (FWA) 00019998 and the DHHS Regulations for the
Protection of Human Subjects (45 CFR 46).
Please note that this approval is good for one year from the date on this letter. If data
collection continues past this period, you are responsible for processing a renewal application a
minimum of 60 days prior to the expiration date.
No changes are to be made to the approved protocol without prior review and approval
from the UAH IRB. All changes (e.g. a change in procedure, number of subjects, personnel,
study locations, new recruitment materials, study instruments, etc) must be prospectively
reviewed and approved by the IRB before they are implemented. You should report any
unanticipated problems involving risks to the participants or others to the IRB Chair.
If you have any questions regarding the IRB’s decision, please contact me.
Sincerely,

William Wilkerson
IRB Chair
Dean, Honors College
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Appendix D
Data Collection Tool
Data Field Name
Participant Number

Column Description
Assigned Numbers

Demographics

Date of Birth
Gestation at birth
Gender
Race
Route of Birth
Co-Morbidities

Ventilatory Assistance

Oximeter Location
Oxygen Method
Date Ventilator Initiated
Time Ventilator Initiated
ETT/Trach size
PIP
PEEP
IMV
MAP
Oxygen in L/min
Oxygen in mL/min
FiO2 %
Date Ventilator Discontinued
Time Ventilator Discontinued

Airway Suctioning

Suction Mode
Suction Response
Secretions Color
Secretions Consistency
Pulmonary Precautions
Bilateral breath sounds equal and clear after suctioning
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Appendix E
Author Guidelines for the American Journal of Maternal Child Nursing
•
•
•
•

•
•

•
•
•
•

•
•
•

•

All content must be double spaced, Times Roman 12 point type, 1½ inch margins all
around
MCN uses APA format (Publication Manual of the American Psychological Association,
6th ed, 2009).
The DOI (Digital Object Identifier) number must accompany references in the reference
list.
MCN is committed to removing error-prone abbreviations from professional journal
publications, and adheres to the suggestions from the Institute for Safe Medicine
Practices (ISMP). Please view the following website and make sure that your manuscript
contains only approved abbreviations, symbols and dose
designation: www.ismp.org/Tools/errorproneabbreviations.pdf
Use the line numbering function in Word to number each line of text in the left margin,
and then add page numbers at the top center of each page
Twenty-three pages are the maximum, including title page, abstract, key words and
callouts, text, references (maximum of 50), tables and figures (each table or figure must
be on a separate page, these tables and figures count as part of the 23 page limit).
The entire manuscript file should not exceed 23 pages unless you have consulted with the
editor about page limits have her approval to go over.
1 page
Title page
1 page
Callouts and key words
1 page
Abstract
20 pages
Everything else including text, references, tables, figures. Everything must
be double-spaced, with 1.5 inch margins all around, and all lines of text and references
should be numbered.
Provide a running head at top right of each page which describes the title in 4 words or
less.
If you used "track changes" during the writing of your manuscript, do not submit the
manuscript with the track changes showing.
If you used electronic reference software such as "EndNote" please remove the codes in
text and on the reference list before submitting the manuscript.
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